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Abstract - Major international assessments have
concluded that resource depletion is rampant and siety
has overshot its ecological capacity. Therefore, adation
of future generations charged with reversing thest&rends
is essential for environmental sustainability. Engieers
impact on biophysical supplies and ensuing wastes sire
critical players for ensuring that ecosystems canupport
current and future civilisations. We report on sucessful
learning outcomes with a professional engineeringedjree
in New Zealand where many assignments relate to rea
world problem solving in partnership with nature. These
include calculating ecological footprints and core
research courses integrated into the community. Stlents
are instructed in the principles of interdependent
ecosystems and societies and engage in active léagn
activities through numerous exercises relating to
environmental sustainability throughout their degree.
Measures of success are demonstrated and barriers
towards effective integration of environmental
sustainability in engineering education are highligted.

resources of the environment in which they are gk
However, the understanding and value of how to rexggi
with due consideration for the planet is limitedaangst most
engineering academics [3], [6]-[9]. Student’s knedde of
sustainable engineering practice can be enhanaedgh
real-world research projects aligned to practisemgineers
that simultaneously nurture their appetite for aech.
Accreditation of the Natural Resources Engineering

(NRE) degree (internationally recognised by the Kifagton
Accord) is conducted by the Institution of Professil
Engineers New Zealand. This degree imparts an lymdgr
principle of integrating ecological sustainabilityith
technical problem-solving and design, by adoptirge t
approach of engineering in partnership with natuits.
philosophy and curriculum are similar to the medaitline
of sustainability science and engineering and aliggth the
direction of ecological engineering [3]-[4], [10libis unique
in New Zealand [11]. With the current period desigu as
the ‘Decade of Education for Sustainable Develogméns
pertinent timing to reassess how we integrateitfiigtive in
our role as educators within the engineering psifes
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INTRODUCTION

align our teaching to the principles and practiadepted by
the New Zealand government through implementingniige
21 and other sustainable initiatives [12]. We régmre on

Heightened awareness of unsustainable resourceamde an effective model that integrates ecological soatility
damaging ecosystem impacts that overshoot the ingrry into a professional engineering degree in New Zwmhla
capacity of our biosphere are reported since théetdn throughout its curriculum. Additionally, we demorade the
Nations Conference on the Human Environment [1]. Avaluable research component of this degree and it®w
renowned economics professor and pioneer critic ofndergraduates have become leaders in

interrelated

conventional economics explained that sustaingtieith is
not possible since the economy is an open subaystehe
earth’s ecosystem, which is finite,
materially closed [2]. It is necessary to educatiedent
engineers about the importance of wisely using ystem
goods and services, alongside technical matedagnsure
survival of the interdependent biotic and fiscabmamies
[3]-[4]. Engineers are instrumental for providingfes and
reliable infrastructure that enables civilisaticios develop.
They are charged with important technical and tassn
decisions on projects which modify natural resowsggplies
and waste discharges in the environment [5]. Toheeef
engineers should be largely represented among metpe

managers of the environment in order to sustain th

biocapacity of the planet [5]-[9]. This can onlyppan if
they are sufficiently educated about effects orpbjsical

non-growing and

engineering and environmental sustainability ati&si
METHODOLOGY

|. Developing a Contextual, Active Learning Approach

Our examination of how best to educate engineersspect
of the context of their actions and the complexnemtions
with the environment in which they will work, begaith a
brief review of our methods employed for delivertmurses.
Each engineering course for second and third yemtests
consisted of three hours of lectures a week (fomwg2ks)
and 12 hours of tutorial/laboratory contact timeinlg the
course. Overall, each second and third year colasean
€ X . .

imposed maximum instructor-student contact time 48f
hours. In the fourth year courses, there was anosegp
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maximum instructor-student contact time of 30 leetuand
12 hours for tutorials and/or laboratories. Studewere
expected to spend up to 120 hours working on eachse
with a full-time student undertaking ten coursesegfual
weighting per academic year. Educational reseafcth®
learning outcomes from lectures show mixed studerd
tutor experiences with limited studies reportingnmoeable
or stimulating lectures. Lectures are consideregetpassive
from the learners’ viewpoint [13]-[14] highlightindhe
transmission aspect with a flow of information frdecturer
to student but less emphasis on interaction betwestarer
and students or between students themselves [65]-The
structure and materials in lectures fosters stisd&Fdrning
for an exam (shallow learning) rather than learnméurther
their understanding in a subject domain and toudtite their
motivation (deep learning) [16]. Nonetheless, ommasexist
where lectures may be the best method of mateeialety
(i.e. where fundamental laws and theorems are taugh
Concurrently,
develop their understanding within the context
professional natural resources engineering prac8iteated
cognition recognises that ‘the activity in whichokvledge is
developed and deployed... is not separable from citlary
to learning and cognition’ [16]. In essence, twatext in
which learning takes place has a strong connettiavhat is

actually learnt. This suggests that most methodd an

techniques learnt in engineering curricula may abtudiffer
from those undertaken in professional practice, ctvhis
especially relevant to natural resources and enmiemtal
engineers who practice at the interface of ecosystd2].
These engineers engage in a highly
workplace, requiring social, environmental and tecal
competence. Since most of their projects inherertyuire
interacting with communities, clear articulation afbroad
environmental knowledge is critical in order to ragae
effectively their engineering projects.

This review stimulated us to introduce professiona
practice and real-world problems to students typica

learning discrete topics and problems, primarilylénture
situations. It followed from previous propositionsy

engineering educationalists for enabling studemtgractice
integrated technical, social and environmentalski]. This
required a shift in problem solving, from discr&tewledge
acquisition and understanding towards a solutianréal-
world problems involving analysis, synthesis andle&tion
of the effectiveness of solutions. This shift regams a
movement across the hierarchies of the cognitivenado
classified by Bloom’s educational taxonomy [17].efé&fore,
we introduced real-world assignments that fosteaetive
learning in accordance with its pedagogical prilesd13]-
[14]. Active learning, which lends itself to a modéverse
range of learning styles, primarily encouraged esfsl to
organise what they needed to know in order to sdihee
prescribed problem, thus transferring the respditgilfor

learning to themselves. Students’ learning andeagiments
were improved through active learning approachesrted
in other physical sciences [18]. This approach appédo
support problem solving in the real-world contegtpup
work as well as personal and peer reflection ofabsigned
task, approach and resulting outcomes [14].

Coimbra, Portugal

we examined how students can besat‘
of

interdiscipfinar

2. Integrating Active Learning Activities in Assignments

Active learning approaches with assignments inc@iitg
ecological sustainability and research were impleeu
mainly in the final two years, in the natural resms
engineering curriculum. All courses were co-taughtthe
initial two years in common with another (civil) gineering
degree. Assignments were based on genuine prolalvmg
exercises that enhanced their applicability (Tdble

In Environmental Quality and Ecosystems (ENNR 203)
students were required to draft a hypothetical gdailogy
site assessment as part of an AEE (Assessment of
Environmental Effects) for a proposed large redidéfocal
development. The scenario given was current, ctudéand
required systems thinking and reasoning skills.uécsssful
grade required students to interrelate materiabsacrthe
course, particularly identifying the interdependenof
ecosystems, hydrology and economic developmentg Th
ssignment required a synthesis of content, inttedwa real-
world engineering problem, provided opportunity for
cooperative learning and so fostered active legrniot
always afforded with more mathematical-focussedlerms.

In the NRE degree only, students were required to
calculate their net household ecological footponer ten
weeks in Ecological Engineering 1 (ENNR 305). Thegre
provided with a complex spreadsheet which conta{a&thg
with guidelines) many quantitative variables frorhigh to
assess their impacts including travel, food condionp
household construction and energy use. Becausehef t
substantial duration of this task and the requirm®
calculate theirown footprint, students were empowered to
take ownership for their learning (and environmkimgact)
by active engagement with their peers as well adyais of
their resource consumption and waste generationthén
same course, student teams also pursued a mirarcase
project where they identified, contacted, exploradd
articulated a different ecological engineering pobjin New
Zealand (Table 1). This assignment aided theiritgbib
integrate material from other courses and furtteretbped
group work and cooperative learning.

In Ecological Engineering 2 (ENNR 405), studerasl h
to identify natural capital from anthropogenic veastreams
in the New Zealand context. They researched diftenaste
streams and provided technically feasible solutiomghe
prescribed problem. This exercise required an raté&n of
ecological sustainability and the goal of develgpin
engineering solutions in partnership with ecosystefimese
NRE students also became more deeply engaged with
sustainable engineering in the project course (ENNR)
aligned with practising engineers. Projects wergigied as
real-world problems integrated into the local comityu
with a premise of sustainable development where
interdependencies between people, the environmehttee
economy were addressed concomitant to technicafisos.

Assignment themes in these NRE (ENNR coded)
courses provided a structured approach for integraeal-
world problems through group work, while concurhgnt
fostering students’ motivation and reasoning skitieough
active learning approaches.
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TABLE 1
ASSIGNMENTS RELATING TO ECOLOGICAL SUSTAINABILITY WITHRESEARCH COMPONENTS ACROSS THE NRE CURRICULUM

Course Code Assignment weight (%) Primary Objestive

ENNR 203: Name ENVIRONMENTAL QUALITY AND ECOSYSTEMS
7.5 Task  Mock Assessment of Environmental EfféatsE) integrating material of interdependent eabbjogy and engineering:
Integrate interdisciplinary theory and its apation in professional engineering into an ‘adwsoeport
Develop technical writing and coupled environtaértechnical and social reasoning skills

ENNR 305: Name ECOLOGICAL ENGINEERING 1
10 Task  Calculate net household ecologicapfot on earth’s resources in global hectaresgistandardised accounting:
Advance systems thinking and ability to critigneerdisciplinary published material
Develop deeper understanding of pertinent ecesystynamics that sustain human developments

ENNR 305: 30 Task  Research established ecalbgi@ineering project in New Zealand:
Contact primary stakeholders involved with chogeject
Collate existing maps, engineering designs, pdenasreports associated with the project
Comprehend ecological engineering as distinehfather engineering and logistics of implementinghsprojects
Develop a portfolio of outputs including techrieagineering report, work plan and public relatiavebpage/poster

ENNR 405: Name ECOLOGICAL ENGINEERING 2
40 Task  Detailed technical plan for convertivaiste streams into natural capital commodities:
Design sustainable and integrated treatment tdobies based on the balanced use of ecosystems
Experience real-world problem-solving for compleastes in New Zealand context
Develop entrepreneurial skills by creative prabkplving and assess value through ecological attmupractices

ENNR 429: Name RESEARCH PROJECT IN NATURAL RESOURCES ENGINEERING (2 course weighting)
100 Task  Engage in real-world problem s@uinrough research aligned to external industmegulatory authorities:

Develop detailed and quality assured methogologconducting a rigorous (team-based) researcjegt
Generate a detailed budget, timeline and projemagement strategy for proposed research
Write a mini research proposal examined by @nogne academics
Generate, collate and critique data for a @efiproblem. Perform necessary statistical analyseilling
Design a sustainable solution for the defineablem incorporating triple-bottom line consideoats
Produce sound conclusions and substantiadiitez review for specific project goals
Deliver final technical report, oral presentatanmd poster to academics and external parties

RESULTS AND DISCUSSION detailed prescriptions and tutorials. Only 2% (4 of1182
students) received the full 7.5 marks for this gssient,
Measures of success of our objectives were based omhile the majority received between 4.5 and 5.5 kwar
assignment grades, course GPAs, course surveysthes  (Figure 1). At least 12 (7%) students did not submi
including achievements by students engaged in ectivassignments so were awarded zero marks. Marks rpegse
undergraduate research. Courses reported hereregmetly  reflect any penalty imposed of 1 mark per day ie th
developed so only data for 2005-2006 are availdbtiedent assignment was submitted late. Students appeastcltygle
numbers in ENNR 203 included those from otherwith integrating systems thinking and sustainaldecepts
engineering programmes (but we could not distirtguis early in their engineering degree. However, sonkdit of
grades between programmes) while all other ENNRsesu the 182) students excelled at this achieving a mairk
with smaller enrolments included only the NRE shide between 6.5 and 7.5. They clearly articulated amegrated
Some students struggled with the ecohydrologymaterial they learnt across the course, which regujuite a
assignment in ENNR 203 which may be due to numeroubit of reasoning skills of the interdependence aristruction
reasons. It (a) was not calculation-based, (b) irequ developments and ecosystems (i.e. not just reguegit
systems analysis and reasoning skills and (c) wasfitst lecture material), thus reflecting their knowledgé the
year that a relatively complex task was assignibejtavith interdependence of our biotic and fiscal economies.
In ENNR 305, students conducted the ecological
50 footprint assignment individually (n=10) in 2005 darn
- teams (n=23) in 2006, primarily due to a significaicrease
40 - 8 in student numbers (and lack of appropriate tutorassist
I - with correcting) in 2006. No student received fularks for
. the assignment. Two students in 2005 received degrf8.5
: out of 10 while another two received a grade ofFig\re 2).
In 2006, four of the students (17%) received 8/&0 this
assignment, while most (n=15) of the class recebetgveen
7 and 7.6/10. These marks are relatively high caoatavith
similar challenging assignments in other coursestliese
1 A HEEHEEEER students. This may be due to the active learninyageh
0.0 1.0 1.5 2.0 3.0 3.5 4.0 4.5 50 55 6.0 65 7.0 7.5 facilitated through a real-world exercise that matéd these
students (see Figure 3 later on). Most studentfoipeed
better in 2006 than in 2005, which may be attridute a
number of things. The assignment was provided as an
individual exercise in 2005 but performed a teaffioréfin

30

# Students

201

10 1

Grade out of 7.5 (%)

FIGURE |
MARKS FOR ECOHYDROLOGY ASSIGNMENTENNR 203)IN 2006
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2006. It is possible that motivation and synergynfrteam

TABLE 2
WASTE TO COMMODITIES RESEARCH PROJECTS IN ENNFD5

efforts resulted in better assignments, which dates with
the belief of constructivist learning [13]. Thissagment
was only introduced in 2005, and its structure iastruction
was improved for 2006 resulting from reflectivetiquing.

In ENNR 305, marks received for the mini research
team projects were individually weighted accorditg
anonymous peer marking in 2006 (ratio total:averpger
individual marks allocated*instructor team mark)t ihis
weighting was not applied in 2005. Therefore, esedm
member received the same project mark in 2005 lotit n
necessarily the same in 2006. There was minimatlegra
variation across the class for this assignment 0052as
students received between 21 and 26 out of 30 (Eigh
This may be attributed to the absence of weighdimglied to
team marks coupled with lower enrolments. In 20@8ults
were more variable with one team achieving excebenres
(27 to 29 out of 30) but other teams were not eengt as
most students achieved a grade of between 17 aifich@an
of 20£5). An outlier in this range was a student who nesxt
10 out of 30 for the project while their team mensbe
received 18 or 19. The student who received 10ritanéd
little to the project and did not deliver on théoehted tasks
they assumed responsibility for (and so ultimafaiied the
course). Each team allocated specific tasks tmé@mbers in
order to track who was responsible for each parthef

Chosen ‘waste’ stream
Waste glass cullet
Greywater

Dairy shed wash-down
Base metal mine tailings
Municipal organic wastes
Tannery fats

Roof rainwater

Proposed ‘commodity’ equivalent
Aggregate in permeable pavistesys
On-site irrigation
Fertigation (fertiliser agymtion)
Pavement and pre-castetenfill
Topsoil for landscapind arosion control
Biodiesel
Reciruclated water for toilets amijation

commercial and ecological knowledge required to
demonstrate if their ‘waste’ was in fact a ‘comntgdand
were required to produce a mini cost-benefit sgatesing
both conventional and ecological economics (forchtthey
received a small amount of instruction in these -sub
disciplines of economics). Some excellent solutigfor
liquid and solid waste streams from various pracess
plants) were proposed by students that integratetnical
feasibility and ecological sustainability (Table. 2Jhe
assignment empowered students to think creatively i
pursuing alternative yet realistic and cost-effextimethods
for waste reuse and aligned well with the princSpdé using
ecology to steer technology for sustainable devabg. A
related approach in engineering curricula is regbrt
elsewhere in New Zealand [7].

In the year-long research project course (ENNR)429

project. This strategy empowered students to takstudents embarked on individual projects in 2008 2006 _

responsibility for and manage their own learningotigh
active interaction. This course was one of fourtf@ NRE
degree that was not taught in conjunction with otleger
(in student numbers) courses from the civil engimge
degree programme and so afforded greater teaalderst
interactive learning, which may have assisted stude
motivation for active learning.

In Ecological Engineering 2 (ENNR 405) in 2006¢e(th
first year of its development), students were regqlito
generate a technical report encompassing tripletotine
strategies in New Zealand (economic, environmeatad
social interrelationships) for specific waste stnsa They
liased with a national company to investigate eaeiing,

@ Eco. 050OEco. 06 A Proj. 05 X Proj. 06

10— - 30
XX X
A A X X

81X A *hxxxx Xx x
@ A A X% 20 =
c 6+ X X X &
ko] .
= )
m 477 w N
#* X t10 %

o [

0 i E L E 0

55 60 65 70 73 7.6 80 85
Eco. (%)

FIGURE 2

MARKS FOR ASSIGNMENTS IN ENNRB05. X-AXIS IS MARKS (OUT OF 10) FOR
THE ECOLOGICAL FOOTPRINT CALCULATION THE PRIMARY Y-AXIS ON THE
LHS IS NUMBER OF STUDENTS WHILE THE SECONDARY-AXIS ON THE RHS IS
MARKS (OUT OF 30) FOR THE PROJECT ASSIGNMENTECO. 05 AND ECO. 06
ARE ECOLOGICAL FOOTPRINT CALCULATION2005AND 2006,RESPECTIVELY,
WHILE PROJ 05 AND PROJ 06 ARE MARKS FOR THE MINI RESEARCH PROJECTS
IN 2005AND 2006,RESPECTIVELY. N = 10(2005)AND N =23(2006).

Coimbra, Portugal

but in teams of three in 2007. The impetus for mgvi
towards group projects was primarily due to a retstn of
available supervisors as enrolments increased (ftOnin
2005 to 18 in 2007) but also to recognising theesgn
derived from team efforts observed in other courBesjects
were integrated into the community making them-weatld
challenges and most successfully achieved committiioen
costs to be met by their external (non-academichtame
(Table 3). Students were assessed in this coursedban
written and oral assignments by a team of academic
supervisors. Assessments comprised a project pabpos
including realistic budgets and timeframes (10%id pear
(20%) and final (50%) comprehensive reports, a grost
portfolio (10%) and an abstract summary and oral
presentation (10%). All assignments were team sffout
each team allocated specific tasks to its membehsle
overall course marks were weighted according
quantitative peer feedback (described earlier fdNR 305)
conducted twice during the course. This model pdosa
effective way for students to take responsibilitgr f
budgeting and delivering work on time, which isticel in
engineering practice. It also facilitated the oppoity to
integrate material learnt throughout their fourtyekegree
and learn complementary skills from the externahtoes.
The scope of these projects has been wide raftgthie
nature of the NRE degree. Topical issues suchoasaater
management, renewable energy technologies andoarosi
control methods featured prominently in the choioke
projects — all of which had a core objective of \pding
effective solutions by integrating ecological, egonc and
societal considerations in their technical chalkeng
Additionally, this course demonstrated social ctgni
within a real-world problem solving context, a $kilot
typically taught to engineering students in a lextaetting

to
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TABLE 3
SELECTION OF SOME OF THE REAWORLD UNDERGRADUATE RESEARCH PROJECT(ENNR 429)2005-2007

Year Project Title External Mentor(s)
2007 Quantifying stormwater inputs for resource consenewal and treatment devises  Local consultancyceandcils
Long-term management of Christchurch City Biosolids Local city council
Modelling debris flow in New Zealand catchments mim-dimensionless analysis National geologicaaash institute
Design and development of an improved stormwatstesy in Kaikoura township  Local consultancy andnmilu
Solar panel design Local renewable energy consulting company
2006 Soil erosion control on Banks Peninsula, Canterbaityioengineering approach Local city council
Primary school classroom energy audit Local primary school, Electricity commission
Sediment and acidity control at an active coal nisiag waste capping materials Largest national campany
2005 Applications and treatment efficacy of an urbanrsteater infiltration basin Local consultancy andicoils
Wastewater high rate algae pond: production fofulgio Local recycling specialists
The use of coal seam gas waters in New Zealandabdcid mine drainage Largest national coal compa
Energy efficiency at the Fonterra Brightwater plant Largest national dairy foods producer
The use of green waste compost as a steep sldpkssta National water research institute
Design of an optical sensor for the monitoring@fiiment transport in rivers National landcareaedeinstitute
Sudent Feedback
5.0 4 0O College Meand ENNR 305 & ENNR 405
University anonymous course surveys conducted fNE 0] = s
305 in 2005 and ENNR 405 in 2006 included five dgoes; 3 §§§¥
how well (i) the course was organised; (ii) thedstuot's g 30- 555\ gig\
interest was stimulated; (iii) the workload comghte other 2 ool 3t
courses; (iv) the level of difficulty compared tther courses 3
and; (v) the opportunity to engage in researchedla 1.0 5?%
activities was provided. Clearly, both ENNR 305 &NNR 0.0 ket L leded Lk

405 scored well above the college of engineeringarme Organised Interest Workload Difficulty Research

scores in terms of course organisation, interedtrasearch,
while the workload level and level of difficultydinot differ
much from college means (Figure 3). These two @surs
included a significant focus on ecological susthility in
engineering activities, which is not typically enagised in
their other courses co-taught with civil enginegrand may
explain the elevated students’ interest. The NRIgree
focuses on imparting an underlying philosophy ofkirng in
partnership with nature and students attractechdoemrolled
in this degree typically have a strong commitmeat
environmental sustainability. This is apparentunveys run
by the departmental and college public relationsmittees,
whose results are striking in this regard of mdtora for  ° ARELSLL :
choosing NRE compared to other engineering degieés.  interest anq motivation m_thls course, perhapsln_eg frc_)m

also possible that their interest was stimulatedugh active the ecological sustainability material and actiearhing
learning encouraged in these courses, outlinedieearl fostered through real-world assignments. SimilaBj§yNR
Students rated the research component in thessemto be 405 and ENNR 429 had higher GPAs compared to the
substantial by comparison to other engineering semur college and department means in 2006. Since ENNR 40
Incorporating  research activities into teaching amsgs actively engaged students with ecological systemd a
students early on to the benefits, excitement atevance of ~Sustainable engineering through real-world probseriving,
research and seems to engage them during lecfTinese it is likely 'ghat they were h_|ghly m0t|vated_ in ghtourse as it
results validate our beliefs that integrating reseainto  aligned with the core philosophy of their degree.2005,
teaching is effective learning and aligns with #teategic ~ENNR 429 had a GPA of 0.13 units greater than the
objective of our University to enrol more graduatadents department mean but 0.52 units greater than thiegel

by nurturing undergraduates’ appreciation and agpéor ~ Mean. A higher GPA in the project course may hasenb
research. Limited comments were provided by stiwlent due to tr_]e degree of constructive and |Iterat|velliaek from
these standard questionnaires but generally refleathigh academic and external mentors, which enhanced rdtude
level of motivation and an appreciaton of the learning. _Addmonally, stpdents _chose the_ prOJebEy
interdisciplinary material and interactive learnifagilitated ~ €ngaged in and were ultimately interested in itsufoso

by smaller class sizes (compared to their othersam). €xhibited a high level of ownership and motivatitor
Additionally, students offered positive commentiatieg to ~ Performing well. It is also likely that studentsjeyed the

the research component. Anecdotal feedback includei@Search component where they had the opportumity t
‘Research project very helpful for learning’, ‘Stieal class integrate material they learnt throughout their rigear

size facilitated better learning’, ‘Large amountstapics of ~ engineering degree. Furthermore, anecdotal feedback
good interest’ and ‘Beneficial to learn the reshasicells’.

Question

FIGURE 3
COURSE SCORES FOR ENNBO5IN 2005AND ENNR405IN 2006

Comparison with Other non-NRE Courses

Grade Point Averages (GPA) for NRE (ENNR-coded)

courses were compared with other departmental esurs
t taken by these students and with overall engingerieans.

A higher GPA for ENNR 305 was achieved compared to

other 3' year (300-level) courses in the department or

college (Figure 4). This may be due to the incréagadent
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indicated that a real-world engineering challengedated
student interest, which probably translated ingmad GPA.

32005 (02006

Mean GPA

ENNR ENNR
405 429

1

Coll
3XX

ENNR Coll
305 4XX

Dept.
3XX

Dept.
AXX

Course code

FIGURE 4
MEAN GPA FOR COLLEGE OF ENGINEERINGCOLL3XX AND COLL 4XX), CIVIL
ENGINEERING DEPARTMENT(DEPT 3XX AND DEPT 4XX) AND NATURAL
RESOURCES ENGINEERINGENNR-CODED) COURSES2005-2006

Other measures of success from educating effde;ctive[

our engineering students about ecological sustdityaand
the value of research are anecdotal

awarded competitive funded fellowships to repredeatv
Zealand at overseas workshops to (i) develop seatnd
practical solutions for addressing sustainable ldgwveent;
and (ii) contribute new perspectives on engineergggarch
and the challenges of gender issues in engineekivg.
believe this subset of engineering students is yelpared
for assuming the challenge of sustainable engingagiven
their deeper understanding of ecosystems.

In New Zealand, the professional engineering tinstin
has recently provided guidelines on sustainabléneeging
but there is limited instruction of integrated eovimental
sustainability and technical engineering in teytiaducation
[7], [13]. This may result from a lack of undersiarg and
value of the earth’s biocapacity by engineeringdacaics
[3], [6]-[8], [23]. While some believe that the plet's
capacity to absorb our wastes and provide raw fatgeand
energy is limited [24], others believe that teclogyl can
develop fast enough to compensate for society'saanp
which may explain the absence of ecological insitucin
most engineering curricula. A useful model for exping
the intangible concept of sustainability to engmeg
students is to adopt ecosystems. Ecosystems supppédre
adaptive, recycle chemicals and generate energpianthss
from the sun and so are sustainable. This apprbastbeen
valuable in our teaching of the NRE degree so exgging
students can better appreciate the componentsioredhips,
dynamics and thus relevance of the living systefmst t
engineering practice impacts and relies upon. Aomaj
challenge for tertiary institutions is to demontdrato
potential students concerned with solving environtalkeand
societal
relevance and social value - something that ressnaith
women and other minorities in particular [8]. Thisitself
leads to a lack of diversity in engineering, whisha well
documented problem [8], [23].

Coimbra, Portugal

but warranted
mentioning. Since 2006, these NRE students have bed’]

problems that engineering has environnhenta

CONCLUSIONS

Major international assessments deduced that satitins
have overshot their ecosystems capacity to enshee
development and survival of future generations. iEe®ys
are pivotal for leading sustainable development vidrich
they require a genuine understanding of ecosystdrhe.
natural resources engineering degree integratebgical
sustainability and engineering in its formationotingh active
learning, engaging with real-world problem solvimgnd
research. Students are motivated towards maintaiNiew
Zealand’s natural capital leading to a sustainélilee.
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